






















Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 18, 2017






Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Højerup, C. F. (1989). Calculation of the Gamma Radiation Levels in and around the NET-DN Tokamak Reactor.
(Risø-M; No. 2771).
Risø National Laboratory 
Department of Energy Technology 
Risø-M-2771 
CALCULATION OF THE GAMMA RADIATION LEVELS 
IN AND AROUND THE NET-DN TOKAMAK REACTOR 
C F . Højerup 




Grafisk Service Risø 1989 
Risø-M-2771 
CALCULATION OF THE GAMMA RADIATION LEVELS 
IN AND AROUND THE NET-DN TOKAMAK REACTOR 
C F . Højerup 
Abstract. Calculations of the qamma doses at a TOKAMAK fusion 
reactor, the NET-DN (1988) are presented. Neutron fluxes in the 
structures of the reactor are calculated by Monte Carlo methods 
(MCNP-2) and activations from the neutron induced reactions are 
determined by the ACTIVA computer proqramme. By Monte Carlo 
methods and the application of an approximative reciprocity 
principle, the qamma fluxes and doses are finally calculated. 
July 1989 
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INTRODUCTION 
Under the EEC Fusion Technology programme, Euratom-Risø-Contract 
no. 207-85-1, S & E 5.1.1, a computer proqramme has been made, 
capable of calculating the gamma doses in selected points in 
and around the NET-DN, as well during power operation as during 
shut down periods. 
The pattern of calculations is as follows: 
1. Determine neutron fluxes in all parts of the TOKAMAK from the 
fusion source. 
2. Determine gamma fluxes in all parts of the TOKAMAK from a 
unit source in the point where the dose is wanted. 
3. Make calculations of neutron induced activities in all 
parts of the TOKAMAK. 
4. Apply a "reciprocity" principle to estimate the qamma dose 
from the distributed sources. 
ad 1 
The Monte Carlo code MCNP2 is used for neutron flux calcu-
lations. It is difficult and costly to obtain fluxes in the 
outer parts of the reactor. The possibility of combininq MC-
methods with other transport methods ouqht to be looked into. 
ad 2 
The above considerations hold for the qamma flux calculations. 
ad 3 
The programme ACTIVA, which has been developed durinq the pro-
ject, has been tested with satisfactory result in an ISPRA con-
ducted benchmark as regards the built-up of isotopes. 
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ad 4 
The reciprocity principle referred to enables the calculations 
to be performed with a reasonable computinq effort. As the 
"reciprocity" is not mathematically exact, the application of 
it introduces some degree of uncertainty. 
Calculations were performed on the NET-DN confiquration valid 
in 1987 and reported in the paper Risø-I-324, November 1987. 
The calculations were repeated for a new confiquration introduced 
around the end of 1987, and these results are presented in the 
present paper. 
The methods and details about input/output, data files etc. are 
described in the above mentioned paper, Risø-I-324, and will 
not be repeated here. Only the summary results for the new 
design are presented here. 
This report marks the end of the work under the S & E 5.1.1 
contract, althouqh some of the problems mentioned previously 
could have deserved a further development. 
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1. MCNP2 CALCULATIONS OF NEUTRON FLUX 
The NET-DN has been modelled as a 1/32 segment with reflective 
boundaries. The geometry is shown in Fig. 1.1, where also the 
"cell"-numbering for the MCNP2 is indicated. 
The tori are replaced by pieces of cylinders, which simplifies 
the geometry without imposing any serious deviations from re-
ality. In order to get fluxes as output from MCNP2, the volumes 
of the cells have to be given as input. An ad hoc programme was 
written, VOLUME, which calculates by numerical integration the 
volumes of the present geometry based on the MCNP2 input speci-
fications. The energy structure of the flux was taken to be the 
REAC-ECN 100 group structure (table 1.1) in order to be able 
to use that cross section set in subsequent activation calcu-
lations. The source was modelled as a volume source of 14 MeV 
neutrons, shaped as a cylinder around the centre-line of the 
torus. 
Some results of the neutronic calculations are shown in Figs. 
1.2 through 1.4 where the found spectra are plotted for selec-
ted cells. There are 3 cells per plot, and the cells have been 
so selected as to allow an intercomparison of the plots. The 
cell numbers refer to Fig. 1.1. 
The fluxes in the outer parts of the TOKAMAK are poorly deter-








































































































































































































































































































































NET-DN CROSS SECTION 
NUMBERS REFER TO CELL IDENTIFICATION IN MCNP2 
10000.0 
FIG. 1.2 





NEUTRON FLUX IN NET CELLS 
10.0 100.0 EV 100.0 KEV 1.0 ENERGY 10.0 MEN 
10000.0 
FIG. 1.4 
NEUTRON FLUX IN NET CELLS 
to 
I 
100.0 EV 100 0 KEV ENERGY 10.0 ME'. 
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2. CALCULATION OF GAMMA FLUXES 
The qamma fluxes in all cells of the reactor due to monoenerqetic 
point sources placed in the area, where the qamma dose is wanted 
(the point P in Fiq. 1.1) have been calculated. 
Successive calculations, 6 in all, with source enerqies corre-
sponding to the 6 qamma groups, have been made, and from them, 
the response matrix relating the gamma flux in the point P to 
distributed sources in all the cells, is constructed. The 
quality of this "reciprocal" approach is touched upon in the 
previously mentioned report, Risø-I-324. 
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3. CALCULATION OP ACTIVATION PRODUCTS AMD ASSOCIATED GAMMA 
EMISSION 
To qet the distributed gamma sources mentioned in section 2, 
activation calculations are performed for all cells. 
The activations are due to the neutron interactions with the 
construction materials. 
The programme ACTIVA, also described in Risø-I-324, performs 
the calculations, ta' inq into account a larqe number jf possible 
neutron reactions. 
A flow diaqram for the ACTIVA Drogramme is shown in Pig. 3.1. 
When the concentrations of the radio-active nuclides are known, 
the gamma sources can be calculated using compilations of qamma 
line emissions. 
Also, neutron captures give rise to emission of qammas. The 
latter are by far the dominant ones during power operation, 
while the former ones are the unpleasant contributors to the 
radiation during shut down and to the rad-waste problem. 
- 15 -
F I G. 3.1 
FLOWDIAGRAM FOR THE ACTIVA PROGRAMME 
MCNP NEUP" 
FLUXES 



























R E M D DECAY 
DATA 













































The neuron source strength from the plasma is taken of 80% of 
1/32 of the assumed thermal power of 600 MW carried away as 14 
MeV neutrons 
Q = 600-106 . 0.80/(32-14-1.6-10-13) = 6.7-1018
 n/sec 
One year of full power operation has been assumed and times 
after shut down of 1, 5, 10, 30, 100, and 360 days are con-
sidered. 
The following pages give the main results of the calculations. 
The first pages mainly reproduce input specifications and then 
follow the contributions to the dose rate at the specified 
times from all the cells. Also, the volumes of the cells, the 
specific activities in the cells, and the mean enerqies of the 
emitted gamma radiation are listed. 
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PRINT OPTIONS FOR MAIN INDAT1 INDAT2 INDAT3 INDAT4 ACTIVA 
0 0 0 0 0 0 
UPPER ENERGY BOUNDARIES FOR GAMMA GROUPS: 
GROUP 1 2 3 4 5 6 
UP.BOUNDS(MEV): 0.500 1.000 2.000 4.000 6.000 10.000 
ENERGYABSORPTION COEFFICIENTS FOR GAMMA RAYS IN AIR (CM2/G): 
GROUP 1 2 3 4 5 6 
MUAIRICM2/G): 0.0280 0.0290 0.0250 0.0210 0.0170 0.0150 
NEUTRON SOURCE- 6.70000E*18 N/SEC 
NUMBER OF TIME STEPS TOTAL - 10 
NUMBER OF TIME STEPS AT POWER- 4 
TIMES AT POWER (DAYS) : 
90.00000 180.00000 270.00000 360.00000 
TIMES AT ZERO POWER(DAYS): 
361.00000 365.00000 370.00000 390.00000 460.00000 720.00000 
MATERIAL NO. 1 
TRITIUM 
DENS - 1.00000E-12 G/CC 
THE FOLLOWING MATERIAL SPECIFICATION IS MADE: 
ISOTOPE CONCENTRATION 
(10**24 AT/CC 
1 H 3G: 2.008467E-13 
MATERIAL NO. 2 
AIR 
DENS - 1.22500E-03 G/CC 
THE FOLLOWING MATERIAL SPECIFICATION IS MADE: 
ISOTOPE CONCENTRATION 
(10**24 AT/CC 
7 N 14G 
7 N 15G 
8 0 16G 
8 0 17G 





















MATERIAL NO. 3 
STAINL.STEEL.WATER 
DENS - 6.70000 G/CC 
THE FOLLOHING MATERIAL SPECIFICATION IS MADE: 
ISOTOPE CONCENTRATION 
1 H 1G: 
1 H 2G: 
5 B 10G: 
S B 11G: 
6 C 12G: 
6 C 13G: 
7 N 14G: 
7 N 15G: 
8 0 16G: 
8 0 17G: 





15 P 31G: 
16 S 32G: 
16 S 33G: 
16 S 34G: 






23 V 50G: 

















































































MATERIAL NO. 4 
STAINL. STEEL 
DENS • 7.71000 G/CC 
THE FOLLOWING MATERIAL SPECIFICATION IS MADE: 
ISOTOPE CONCENTRATION 
(10**24 AT/CC 
5 B 10G: 
5 B IIS: 
6 C 12G: 
6 C 13G: 
7 N 14G: 
7 N 15G: 
8 0 16G: 
8 0 17G: 





IS P 31G: 
16 S 32G: 
16 S 33G. 
16 S 34G: 






23 V SOG: 















































































MATERIAL NO. 5 
CUPPER*UOLFRAM 
DENS - 14.12000 C/CC 























MATERIAL NO. 6 
LITHIUM-LEAD 
DENS • 5.78000 C/CC 











15 P 31C 
23 V 50G 









































































MATERIAL NO. 7 
CONCRETE 
DOS . 2.20000 G/CC 
THE FOLLOWING MATERIAL SPECIFICAT TW IS MADE: 
ISOTOPE CONCENTRATION 
<10««24 AT/CC 
• 0 16G: 
8 O 17G: 































































1 0 0 
1 0 1 
1 0 6 
107 
1 2 0 
1 2 1 
1 2 3 
1 2 4 
1 2 5 
1 3 0 
131 
1 3 3 
134 
1 3 5 
1 4 0 
141 
143 
1 5 0 
151 
1 5 3 
HATNO VOLUME 
1 1 . 8 8 2 2 8 E . 0 7 
3 2 . 5 1 7 8 5 E * 0 5 
3 2 . 5 1 7 8 5 E * 0 5 
3 7 . 7 7 7 2 6 E * 0 4 
3 7 . 7 7 7 2 6 E * 0 4 
6 5 . 3 5 0 4 8 E « 0 5 
6 5 . 3 5 0 4 8 E . 0 5 
6 3 . 6 7 7 1 5 E * 0 5 
6 3 6 7 7 1 5 E . 0 5 
4 4 . 0 3 7 3 4 E . 0 5 
4 4 . 0 3 7 3 4 E * 0 5 
4 2 . 5 4 0 1 S E . 0 S 
4 2 . 5 4 0 1 5 E . 0 5 
4 1 2 3 6 8 9 E . 0 5 
4 8 . 7 3 1 1 5 E . 0 4 
4 3 . 0 2 0 4 8 E * 0 4 
4 4 . 5 1 3 7 3 E » 0 5 
4 4 . 5 1 3 7 3 E * 0 5 
4 3 1 6 1 6 8 E . 0 5 
4 3 . 1 6 U 8 E . 0 5 
4 1 . 6 0 9 1 7 E * 0 5 
4 1 . 1 2 9 9 1 E « 0 5 
4 4 . 6 S 9 5 7 E * 0 4 
4 8 . 1 1 3 4 9 E . 0 5 
4 8 . 1 1 3 4 9 E * 0 5 
4 7 . 6 5 6 3 0 E * 0 5 
4 7 . 6 5 6 3 0 E * 0 5 
4 4 20660E«05 
4 4 . 2 0 6 6 0 E * 0 5 
4 5 . 5 1 3 0 7 E . 0 4 
5 1 . 2 0 3 1 0 E * 0 6 
5 1 . 2 0 3 1 0 k > 0 6 
5 4 . 7 2 S 4 S C « 0 5 
5 4 . 7 2 8 4 5 E * 0 5 
5 1 . 5 1 7 7 9 E . 0 6 
5 1 . 5 1 7 7 9 E * 0 6 
5 1 . 0 2 3 0 1 E * 0 6 
5 1 . 0 2 3 0 1 E . « 
5 2 . 4 0 6 2 0 E * 0 5 
5 2 . 4 0 6 2 0 E * 0 S 
3 6 . 9 7 1 ( 5 E * 0 S 
3 4 . 4 0 9 1 8 E * 0 5 
3 2 . 5 4 1 2 6 E . 0 5 
3 4 . 8 1 0 8 0 E * 0 4 
3 3 . 4 S 2 9 2 E * 0 4 
6 3 . 0 8 5 3 3 E * 0 6 
6 1 . 9 1 9 3 1 E * 0 6 
* 1 . 1 0 9 7 2 E . 0 6 
6 1 . 6 4 1 9 6 E . 0 5 
6 1 . 1 6 1 7 3 E * 0 5 
4 1 . 2 8 3 5 1 E * 0 6 
4 7 . 8 5 2 7 7 E » 0 5 
4 4 . 5 4 6 1 0 E . 0 5 
4 l . S 1 1 5 4 E * 0 6 
































































































































































TIME« 0 . 0 0 












































































































































































































































































141 VACUU«! VESSEL 
143 VACUUM VESSEL 
150 VACUUM VESSEL 
151 VACUUM VESSEL 
153 "»"-JUM VESSEL 
160 VACUUM VESSEL 
161 VACUUM VESSEL 
163 VACUUM VESSEL 
170 TOR.FIELD COILS. 
171 TOR.FIELD COILS. 
200 BIOL. SHIELD 
210 BIOL. SHIELD 
220 BIOL. SHIELD 
230 BIOL. SHIELD 
231 BIOL. SHIELD 
240 BIOL. SHIELD 
250 BIOL. SHIELD 
262 POL.FIELD COILS. 
272 POL.FIELD COILS. 
280 POL.FIELD COILS. 
292 POL.FIELD COILS. 
330 EXHAUST PORT 
340 EXHAUST PORT 
350 EXHAUST PORT 
360 EXHAUST PORT 
370 EXHAUST PORT 
388 EXHAUST PORT 






























0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 





6 . 0 8 3 E - 0 5 
6 . 8 2 3 E « 0 1 
2 . 2 7 1 E * 0 1 
3 . 0 1 7 E * 0 1 
1 . 7 4 9 E * 0 0 
3 .2O4E.O0 
O.OOOE*00 
3 . 4 6 7 E - 0 2 
1 . 2 8 9 E + 0 1 
3 . 4 9 6 E * 0 1 
2 . 0 2 6 E - 0 5 
O.OOOEtOO 
2 . 5 5 1 E - 0 2 
9 . 0 4 7 E - 0 5 
3 . 1 3 8 E » 0 t 
3 . 8 8 7 E - 0 1 
9 . 3 5 7 E - 0 5 
3 . 1 7 7 E - 0 3 
7 . 1 1 1 E - 0 1 
1 . 0 3 5 E - 0 3 
8 . 4 6 6 E - 0 1 
2 . 4 9 7 E * 0 0 
1 . 8 2 5 E - 0 1 
3 . 2 1 2 E - 0 2 
1.818E»02 
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TINE- 90.00 DAYS 




































































































































































































































































































































































































































































































































































































































































T I « . 180 .00 MVS 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































T I I S « 3 * 0 . 0 0 DATS 
COnUBUMOMS TO DOSS AT 
FMH 




























































1MB. I U W I 1 
urn. BLANAU 
I N . BtAHM.1 


































































































































































































































































































































































































































































TIME« Ml. 00 DAYS 







































1 0 0 
1 0 1 
1 0 6 
107 
1 2 0 
1 2 1 
1 2 3 
1 2 4 
1 2 5 
1 3 0 
1 3 1 
133 
134 
1 3 5 
1 4 0 
141 
1 4 3 
CIlLNWi 
KASHA 
F U S T HALL 
F U S T HALL 
F U S T MUX 

















































VOLUME SPEC.ACT. AV.I 
CH»*3 
J . .862E.07 
2 . 5 1 8 E * 0 S 
2 . S 1 8 B * 0 S 
7 . 7 7 7 E . 0 4 
7 . 7 7 7 E » 0 4 
5 . 3 5 0 E * 0 5 
S . 3 5 0 E * 0 S 
3 - 6 7 7 E » 0 5 
3 . 6 7 7 E * 0 S 
4 .037E*O5 
4 - 0 3 7 E » 0 S 
2 . S 4 0 E . 0 S 
2 . 5 4 0 E * 0 5 
1 . 2 3 7 E » 0 5 
8 . 7 3 1 E » 0 4 
3 . 0 2 0 E « 0 4 
4 . 5 1 4 E * 0 5 
4 . 5 1 4 E » 0 5 
3 - 1 6 2 E « 0 S 
3 . 1 6 2 E « 0 S 
1 . 6 0 9 E » 0 5 
1 . 1 3 0 E * 0 S 
4 . 6 7 0 E * 0 4 
8 . 1 1 3 E * 0 5 
8 . 1 1 3 E * 0 S 
7 . 6 5 6 E * 0 S 
7 . 6 5 4 E * 0 5 
4 . 2 0 7 E « 0 5 
4 . 2 0 7 K * 0 S 
5 . 5 1 3 E * 0 4 
1 . 2 0 3 E * 0 6 
1 . 2 0 3 E * 0 6 
4 . 7 2 8 E * 0 5 
4 . 7 2 S E « 0 5 
1 . 5 1 8 E * 0 6 
1 .S18E*06 
1 . 0 2 3 E « 0 6 
1 .023E<06 
2 . 4 0 6 E » 0 5 
2 . 4 0 6 E » 0 5 
6 . 9 7 2 E * 0 5 
4 . 4 0 9 E * 0 5 
2 . 5 4 1 E * 0 S 
4 . 8 1 1 E * 0 4 
3 . 4 S 3 E * 0 4 
3 . 0 8 S E * 0 6 
1 . 9 1 9 E » 0 6 
l . U 0 E « 0 6 
1 . 6 4 2 E . 0 5 
1 . 1 6 2 E * 0 5 
1 . 2 8 4 E » 0 6 
7 . 6 5 3 E * 0 5 
4 . 5 4 6 E « 0 5 
1 / C * » * 3 / S 
3 . 2 7 1 E * 0 2 
3 . 2 0 1 E « 1 1 
3 .0B7E*11 
2 . 1 0 2 E » 1 1 
2 . 1 0 9 E * 1 1 
1 . 8 5 0 E * 1 0 
1 . 9 0 3 E « 1 0 
1 . 0 3 3 E * 1 0 
1 . 1 3 2 E « 1 0 
1 . 0 4 2 E * 1 0 
9 - 9 9 4 E * 0 9 
4 . S 3 2 E * « * 
7 . 1 7 S E * 0 9 
5 . 0 S 1 E * 0 9 
1 . 1 1 6 E » 1 0 
S . 4 4 6 E * 1 0 
5 - 7 7 3 E . 0 9 
S . S 2 0 E » 0 9 
2 . S 2 4 E . 0 9 
3 . 7 S 1 E » 0 9 
2 . 5 4 5 E » 0 9 
S . S 2 1 E » 0 9 
1 . 0 9 6 E * 1 0 
1 . 6 2 S S » 0 9 
1 . 6 6 0 E « 0 9 
S . 5 5 1 E » 0 8 
9 . 0 7 0 E « 0 8 
5 . 5 S 6 E > 0 8 
1 . 8 5 4 E » 0 9 
4 . 0 3 0 E > 0 9 
2 . 7 4 0 E . 0 8 
3 . 0 0 2 £ » 0 8 
1 . 7 6 4 E * 0 7 
3 . 5 1 5 E . 0 7 
6 . 8 7 5 E * 0 7 
2 . 0 1 8 E » 0 8 
0 . 0 0 0 E * 0 0 
3 . 0 9 8 E » 0 2 
0 . 0 0 0 E * 0 0 
0.0OOE*OO 
1 . 6 0 1 E * 1 2 
3 . 2 6 2 E * U 
3 . 3 0 4 E « 1 1 
2 . 1 8 8 E * 1 1 
1 . 9 8 8 E * 1 1 
2 . 5 9 3 E » 1 0 
1 . 2 0 9 E « 1 0 
1 . 2 6 6 E * 1 0 
8 . 2 9 4 E * 0 9 
1 . 2 8 9 E * 1 0 
4 . 3 7 4 E » 0 9 
2 . 3 6 6 E « 0 9 
2 . 6 1 6 E * 0 9 
NCV 
0 . 0 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 7 9 
0 . 9 9 
1 . 0 0 
0 . 9 9 
0 . 9 9 
0 . 8 8 
0 . 8 9 
0 . 8 6 
0 . 8 8 
0 . 8 8 
0 . 8 8 
0 . 8 6 
0 . 7 9 
0 . 7 9 
0 . 7 8 
0 . 7 9 
0 . 7 9 
0 . 8 1 
0 . 8 1 
0 . 7 7 
0 . 7 7 
0 . 7 7 
0 . 7 7 
0 . 7 7 
0 . 7 7 
0 . 8 3 
1 . 4 4 
1 . 4 / . 
1 . 4 5 
1 . 4 4 
1 . 4 4 
1 . 4 6 
0 . 0 0 
0 . 2 5 
0 . 0 0 
0 . 0 0 
0 . 7 7 
0 . 7 9 
0 . 7 9 
0 . 7 8 
0 . 7 9 
0 . 9 9 
1 . 0 0 
1 . 0 0 
0 . 9 8 
0 . 9 8 
0 . 8 4 
0 . 8 6 




0 . 0 0 0 0 0 0 
0 . 0 0 0 0 0 0 
O.OOOE*00 
0 . 0 0 0 E * 0 0 
O.OOOE*00 
O.OOOE'OO 
0 . 0 0 0 0 0 0 
0.0O0E*0O 
0 . 0 0 0 0 0 0 
0 .0O0E»00 
0 . 0 0 0 0 0 0 
O.OOOE*00 
O.OOQOOO 
0 . 0 0 0 0 0 0 
0.0OOE»00 
0 . 0 0 0 E « 0 0 
0 .0O0E*00 
0 . 0 0 0 E < 0 0 






1 . 2 S 5 E - 0 7 
1 . 0 8 3 E - 0 5 
1 . 1 9 6 E - 0 3 




8 . 5 1 0 E - 4 4 
0 . 0 0 0 E * 0 0 
1 . 1 5 8 E - 0 5 
3 . 3 8 3 E - 0 B 
0 .0O0E*00 




0 . 0 0 0 E * 0 0 
0.OO0E*OO 
0.OO0E*O0 
0 . 0 0 0 E « 0 0 
O.OOOE«00 
O.OOOE*00 
0 . 0 0 0 E * 0 0 
O.OO0E*O0 
0 . O 0 0 E . 0 0 









































































«.*47C*0S 2 075E.07 
2.031E>*5 4.0*3E>47 
4.7*2E>4* l .*77E*«« 
4-07*E>0* 3-*S9t*0* 





0 . 7 0 
0 . 7 9 
0 . 7 0 
0 . 7 * 




0 . 0 0 
2 . 2 5 
2 . 2 5 
2 . 2 5 
0 . 0 0 
0 . 0 0 





0 . 7 * 
0 . 7 0 
0 . 7 0 
0 .7« 
0 . 0 3 
0 . 7 7 



























TOTJU. 2 -*1*E«01 
- 36 -
TDK- M S . 00 DOTS 




















































































































































































































































































0 . 0 0 0 0 0 0 
0 . 0 0 0 0 0 0 












0 . 0 0 0 0 0 0 
0 . 0 0 0 0 0 0 





0 . 0 0 0 0 0 0 
O.OOOE*00 
1.117E-07 
j . 7 2 3 0 0 4 
1.140E-03 
1.027E-0S 
















0 . 0 0 0 0 0 0 
0.0OOC*OO 
0 . 0 0 0 0 0 0 
0 . 0 0 0 0 0 0 
O.OOOE.OO 
0 . 0 0 0 0 0 0 
0 . 0 0 0 0 0 0 






































































































































TIME- 370.00 DAYS 




































































































































































































































































































































































































































































































































TIME« 390.00 DAYS 































































































































































































































































































































































































150 VACUUM VESSEL 
151 VACUUM VESSEL 
153 VACUUM VESSEL 
160 VACUUM VESSEL 
161 VACUUM VESSEL 
163 VACUUM VESSEL 
170 TOR.FIELD COILS. 
171 TOR.FIELD COILS. 
200 BIOL. SHIELD 
210 BIOL. SHIELD 
220 BIOL. SHIELD 
230 BIOL. SHIELD 
231 BIOL. SHIELD 
240 BIOL. SHIELD 
250 BIOL. SHIELD 
262 POL.FIELD COILS. 
272 POL.FIELD COILS. 
280 POL.FIELD COILS. 
292 POL.FIELD COILS. 
330 EXHAUST PORT 
340 EXHAUST PORT 
350 EXHAUST PORT 
360 EXHAUST PORT 
370 EXHAUST PORT 
388 EXHAUST PORT 
389 EXHAUST PORT 
TOTAL 






















































































































































































































































































































































































































































































































































































































































































































































































































































150 VACUUM VESSEL 
151 VACUUM VESSEL 
153 VACUUM VESSEL 
160 VACUUM VESSEL 
161 VACUUM VESSEL 
163 VACUUM VESSEL 
170 TOR.FIELD COILS. 
171 TOR.FIELD COILS. 
200 BIOL. SHIELD 
210 BIOL. SHIELD 
220 BIOL. SHIELD 
230 BIOL. SHIELD 
231 BIOL. SHIELD 
240 BIOL. SHIELD 
250 BIOL. SHIELD 
262 POL.FIELD COILS. 
272 POL.FIELD COILS. 
280 POL.FIELD COILS. 
292 POL.FIELD COILS. 
330 EXHAUST PORT 
340 EXHAUST PORT 
350 EXHAUST PORT 
360 EXHAUST PORT 
370 EXHAUST PORT 
388 EXHAUST PORT 
389 EXHAUST PORT 
TOTAL 
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